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Figure 1. Effect of TF on the induction of transcription factors associated with
AC proliferation and differentiation. A. Activation of c-Myc in ACs exposed to
DTF for 30 or 60 min, showing DTF alone and in the presence of IL-1β induces
c-Myc phosphorylation. B. DTF upregulates c-Myc mRNA inhibition, that is sup-
pressed in the proesence of PD98059, an inhibitor of ERK1/2. C. Sox-9 mRNA
expression is upregulated by DTF in the absence and presence of IL-1β. The
expression of Sox-9 mRNA is inhibited by PD98059. D. DTF induces expres-
sion of VEGF, which is inhibited by PD98059, suggesting that ERK controls the
expression of VEGF mRNA induction.
was followed by its nuclear translocation suggesting that ERK 1/2
acts as a transcription factor in response to mechanical signals.
The other major transcription factors induced by ERK 1/2 were
c-Myc, Sox-9, VEGF, and ETS1 and ETS2. Inhibition of ERK1/2
by PD98059 inhibited expression of all of the above transcription
factors (Fig. 1). Further support for ILK induced ERK 1/2 activation
was supported by the observations that these signals upregulated
cell proliferation in ACs by more than 1.7 fold within 3 days.
Upregulation of matrix synthesis by cells was a delayed event and
was only observed after 72 h post exposure to DTF.
Conclusions: These novel ﬁndings are the ﬁrst to demonstrate
that mechanical signals initiate a highly interconnected network of
multiple pathways that regulate activation of Ras, small G proteins,
Akt pathway and MAP kinase pathway to control cell proliferation
and differentiation in ACs. This work was supported by NIH grant
numbers AR048781 and HD040939.
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Purpose: Crosslinkined poly(ethylene glycol) (PEG) hydrogels are
attractive for culturing chondrocytes in a 3D environment for in vitro
study of healthy and diseased chondrocytes. The ability to ma-
nipulate the structure and chemistry of the 3D environment in a
highly controlled manner may offer new insights into chondrocyte
biology. For example, the crosslinked structure of the gel dictates
many macroscopic properties such as water content, while bi-
ological functionalities can be systematically incorporated in the
hydrogel to mimic the extracellular matrix. Towards developing a
synthetic hydrogel model system for studying osteoarthritis, we
have adopted a common in vitro strategy where interleukin-1β (IL-
1β), a pro-inﬂammatory cytokine present at high levels in OA joints,
is administered to chondrocytes to simulate a diseased state. This
study presents our initial ﬁndings where we examined the effects of
IL-1β on chondrocyte viability and nitric oxide production, a known
signaling molecule stimulated by IL-1β, when encapsulated in PEG
hydrogels and compared our results to chondrocytes cultured in
agarose.
Methods: Chondrocytes were isolated from the metacarpalpha-
langeal joint of 2-3 year old steers and encapsulated at 4×106
cells/mL in PEG or agarose gels of 5mm diameter and height.
PEG hydrogels were formed by exposing PEG dimethacrylate
(10% w/v), photoinitiator (0.05% w/w) (Irgacure 2959) in chondro-
cyte media containing 0 or 10 ng/ml IL-1β, to 365 nm UV light (2
mW/cm2) for 10 minutes. Agarose type IX-A (3%w/v) was gelled
at 4°C for 20 min. The cell-laden hydrogels were cultured in media
containing 0 or 10 ng/ml IL-1β. Cell-free hydrogel properties were
assessed by equilibrium swelling ratio (mass of hydrogel/mass
of dry polymer). Cell viability was assessed quantitatively (live
cells/live + dead cells) by the LIVE/DEAD membrane integrity as-
say. Total nitric oxide was quantiﬁed from nitrite and nitrate by the
Griess reagent assay.
Results: A range of PEG hydrogel macroscopic properties (Table
1) were obtained by varying the molecular weight of the pre-
cursors. Increasing molecular weights led to lower crosslinked
systems with increased equilibrium swelling ratios, which is a
measure of the amount of water the gel imbibes, and increased
mesh size which impacts the diffusional properties. Diffusivity of
IL-1β was increased with mesh size, but was lower than the dif-
fusion coefﬁcient for IL-1β in aqueous medium (1.91×10-10 m2/s).
When chondrocytes were encapsulated in 3K PEG hydrogels and
exposed to IL-1β, viability was not affected (92±2.3% viable) while
nitric oxide increased by 36%. These data were similar to agarose,
which have been employed by others to assess IL-1β stimulated
chondrocytes.
Table 1. Macroscopic Properties of PEG and Agarose Hydrogels with Respect
to Molecular Weight
Hydrogel Equilibrium Swelling Ratio Mesh Size Diffusivity of IL-1Beta
(nM) (m2/s)
3K PEG 10±0.34 14±0.67 1.67×10-10
8K PEG 22±1.1 40±2.5 1.81×10-10
10K PEG 34±1.3 70±3.3 1.85×10-10
Agarose – – 1.46×10-10
Figure 1. Total nitric oxide after 48 hours of IL-1β exposure.
Conclusions: Chondrocytes encapsulated in PEG hydrogels and
stimulated with IL-1β show increased production in nitric oxide,
similar to the response seen in agarose hydrogels. These ﬁndings
indicate that synthetic hydrogels may offer a unique platform to
study IL1β-stimulation in 3D environments where the structure
(i.e., changes in water content) and chemistry (i.e, incorporation
of extracelluar matrix molecules) can be studied. Studies are
underway to assess the role of hydrogel structure in mediating
chondrocyte response to IL-1β.
